It is essential to establish clonal cultures of microalgae for use in studies of various topics, such as physiology, genetics, taxonomy, and microbiology. Thus, it is extremely important to develop techniques to establish clonal cultures. In this article, we demonstrate the establishment of clonal cultures of a conjugating alga. Water samples are collected from the field. Subsequently, cells are isolated using a glass capillary pipette, placed in media, and grown under conditions suitable for generating a clonal culture.
Introduction
Conjugating algae (of the order Zygnematales), also known as conjugatophytes, occupy a key phylogenetic position as the closest living relatives of the immediate ancestors of land plants 1, 2 . Established clonal cultures of algae have led to a wide variety of taxonomic, physiological, and genetic studies over the past years. The isolation techniques of microorganisms from a natural field have a long tradition 3, 4 . In recent years, automated isolation techniques using flow cytometry have also been established 5 . The most common method used to obtain a single cell for the establishment of a clonal culture is single-cell isolation using a glass capillary pipette 6 . This traditional method requires skill and a precise experimental protocol.
In this article, we demonstrate the sampling of algae from field samples and the establishment of clonal cultures of unicellular conjugating algae, such as the Closterium species, using a glass capillary pipette. A water sample containing vegetative cells is collected from a field site (e.g., a lake, pond, or paddy field). The cells are isolated from the water sample by using a glass capillary pipette and then washed. Add water to make 100 mL Conditioned CA medium Abe et al. 7 Incubate cells in fresh CA medium for 14-20 days. Collect the cultured medium by filtration using qualitative filter paper and sterilize the filtered medium by autoclaving (121 °C for 15 min). 
Discussion
Using the present method, 9 clonal culture strains of Closterium sp. were established from 15 cells isolated from the water sample (Inba1), representing a 60% success rate. Species identification will be carried out in the future by morphological observation as well as DNA analyses, such as molecular phylogenetic analysis 8 .
In the present method, the freshness of the water sample is important to the success rate. It is better to isolate the cells from the water samples as soon as possible after the field collection. Although cells of the Closterium species (e.g., C. ehrenbergii, C. peracerosum-strigosum-littorale complex) can be maintained in the water sample for about 7 d by storing it at 4 -8 °C, the isolation of the cells is desirable on the day of the collection or the next day. It is also important to remove any contaminants other than the target cells, so increasing the number of washing repetitions (i.e., > 3x) may prevent a contamination of the cultures by microorganisms in the soil and cells.
A limitation of this technique is that the culture media used in this protocol (CA or conditioned CA medium) are not always appropriate for all conjugating algae. In some cases, it may be necessary to consider using another medium, as well as different light and temperature conditions. Also, as it is difficult to prove whether a culture has grown from one single cell, it is necessary to accurately pick up only 1 cell when transferring cells to a test tube. Therefore, the transferring should be done with a new glass capillary pipette each time.
Establishing a clonal culture with this pipette washing method is a classical/standard method and is the most reliable method to use to isolate the desired cells for a study. The clonal cultures of conjugating algae used in many studies 8, 9, 10, 11 were established using the present method. It is difficult to analyze conjugating algae without a clonal culture. Furthermore, in recent years, de novo whole genome sequences became easy to obtain (e.g., by using the MinION nanopore sequencer), and establishing clonal cultures will further facilitate de novo sequencing. In other words, this method is the first step in the future study of these algae to better understand their biodiversity.
In order to establish a stable culture strain, it is necessary to perform certain critical steps accurately within the protocol. The most important step is the preparation of a glass capillary pipette with an optimal aperture to permit the passage of a single cell only. The aperture of the glass capillary pipette must be slightly more than the minor axis length of the cell of interest. The optimum glass capillary pipette can aspirate a single cell by capillary action. However, if the diameter of the aperture is too large, the capillary will also draw in non-living contaminant materials or even (an)other organism(s), in addition to the target cell.
To obtain a glass capillary pipette with an optimum aperture, the following points are important to note. First, the pillar of flame must be narrow when heating the glass capillary pipette. Next, when pulling the Pasteur pipette, it has to be removed from the flame; otherwise, the aperture of the Pasteur pipette will collapse.
The equipment and containers shown in this protocol are basic and can be modified. For example, by using multi-well plates instead of watch glasses with one well, the cell washing can be made more efficient. In addition, the containers can be substituted for other similar ones. By transferring a single cell to the culture medium at the last step, a clonal culture can be established.
Preparing a sterilized container and working in a hood will establish axenic (uncontaminated) strains. To prevent contamination, it is necessary to repeat the washing step with fresh aliquots more than 3x. Sometimes, bacteria are also sterilized by adding antibiotics 15 .
This method focused on desmid (Zygnematales) isolation, but by changing the size of the glass capillary pipette aperture, it can be applied to the isolation of differently sized plankton.
